


CASE STUDY 1: Endocrine Disruptors:
Estrogen Receptor Expert System (ERES)



Mechanistic Basis of the Expert System

= Adverse Outcome Pathway (AOP) context
= OECD QSAR Validation Principles

" Expert System decision tree codes the measured data from in vitro
assays designed for purpose

* Assays optimized to detect any potential for ER interaction, including
low affinity binding
* Providesthe data and expert interpretation in decision tree format;
provides predictions based on extrapolation of measured data
(displays training set used in prediction) so user can interpret and
assess use for their purpose
e Transparency
e (Can the QSAR estimate be explained mechanistically?
e How reasonable is an estimate compared with data for similar chemicals?
e Usefulness

e Are the predictions applicable to all the chemicals of regulatory concern?
e Does the model/expert system answer the regulatory question?



ER-mediated Reproductive Impairment Adverse Outcome Pathway
Chemical Effects Across Levels of Biological Organization

Mechanistic linkage between the risk assessment endpoint (ER-mediated reproductive impairment)
and the hazard identification endpoint (MIE: ER binding)
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ER Binding Affinity: An Indicator of

Potential Reproductive Effects

= |nvitro Assays used to build the Expert System are along an adverse
outcome pathway (AOP) ending in reproductive impairment

The molecular initiating event (MIE) of the pathway is ER binding (msrd)

Tissue level response key event along the pathway confirms a higher level
response (msrd)

The measured data identifies which chemical structures can initiate the
pathway and subsequent key event

The Expert System extrapolates from the measured data to predict ER binding
potential of unmeasured chemicals that are within the bounds of
measurement

The Expert System also indicates when a chemical is outside the bounds of the
measured data thus accurate predictions are not possible (Unknown Binding
Potential)

AOP context provides conceptual model useful for generating testable
hypotheses (e.g., prioritization for Tier 1 screening)

AOP context provides decision-making rationale for the regulatory community
(e.g., knowns and unknowns along the AOP)



ER-mediated Reproductive Impairment Adverse Outcome Pathway
Chemical Effects Across Levels of Biological Organization

Mechanistic linkage between the risk assessment endpoint (ER-mediated reproductive impairment)
and the hazard identification endpoint (MIE: ER binding)
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OECD Principles for QSAR Validation

=  Well-Defined Endpoint — (in vitro assay domain)
» Well-defined biological endpoint —

— Informs important risk endpoint —

= AOP ending in impaired reproduction provides plausible linkage of MIE to higher level
adversity as basis for prioritizing chemicals for higher level assays

— Interpreting the measurements
Measurement endpoint and confounding factors are discussed

» Well-defined chemistry

— Using in vitro assays that allow testing of the types of chemicals (range
of properties) found on regulatory inventories

— Understanding the chemical form and concentration in the assays

= Mechanistic interpretation
« Being able to explain the predictions mechanistically
— With respect to chemistry & biology in the assay system

» Relationship of predicted parameter to regulatory question
— Likelihood to initiate ER-mediated Reproductive Impairment AOP

« Relationship of chemical parameters to biological activity



OECD Principles for QSAR Validation

» Defined Model Applicability Domain
« Well-defined application
— Regulatory question — priority setting not predicting adverse outcome

— Expert System model domain coverage well-defined
= Decision tree, logic rules, local in vitro TrSets upon which rules are based

— Expert System model domain adequately covers the Regulatory
Chemical domain

= Fooduse pesticidal Inerts (FI) ; Antimicrobials (AM)
= EDSP Universe

= Appropriate measures of goodness of fit, robustness, ability to predict

« Measures appropriate for a regression model are not appropriate to
evaluate an expert system logic rules

— Series of local models, local in vitro TrSets, “unknown” structure compared to tested
chemicals

= Unambiguous algorithm
« Expert Systems — logic tree, rules/queries, supporting information



ER Expert System —
Effects-Based Chemical Categories Approach

Chemical Similarity

Building Effects-based Categories:
Structural similarity defined by similar
biological activity

- MIE of ER-mediated AOP

Multiple ER-interaction types recognized

-chemicals can interact at
different points (‘A" or ‘B’),
depending on their properties

-chemicals initiating MIE at
same point are ‘similar’

Common biological activity within a
chemical structural series is coded into
ES logic rules in decision tree



ER Expert System Decision Tree

Expert System codes the measured data in a decision
tree from the in vitro assays designed for purpose
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Trout ER Relative Binding Affinity vs. Log Kow
RBA = relative binding affinity compared to Estradiol at 100%
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ER Expert System Decision Tree

Expert System codes the measured data in a decision
tree from the in vitro assays designed for purpose

() (D (i e L)
Tarteig Yes Containe . No Belongsto No Contains a phenolic- Y85
aCycle e aCharge — known Inactive — OH, and additional
B Sub-class - OHand/or =0
No Yes + “res Sites "A-B-C"
“Special ® es AlkylaromaticSulfonic Acids
Rule” > Logkow [0.5-5.7) Log Kow Range
Applies | REA < 0.00001% Sulfonic Acid Dyes 4-n-Alkylfluorobenzenes [2.3-4.9)
: Logkow [0.4-6.0] Alkylphanol [2,5-5ubst) (4.2)
4"“"‘“”?3"3'1'9" ) Benzamides (1.7-2.1)
_LD:LD"“ [2'9'4'2_-' Borate Estars [<0.5-1.0)
bl ini Miscllzn=ous Functionz| Benzoates [non-ring subst) (3.6-4.2) Contzins some
.PDSSI ELD“T”S' inity Groupswy/ Chargs Bis-znilines [1.6-8.2) attenuating faature, —
Site A-Type, Site B-Type (0.0-1.2) steric or other
(0.9-0.8) Yes
¥ v (0.6-2.5)
Exact match to Group &S > {2.T-I4.E:l o
Training Set Structure — RBA < 0.0000156 Cxazoles <0.3]
Yes znd measured REA |‘—| Phenonas [n-alkyl) (1.6-4.1)

Mo Pyrrolidiones [04-3.3)
Unknown Sorbitans [3.2-549)
| REA < 0.00001% ‘ Bindinz Potantizl Trizzines [0.4-24)

¢ND

d - Log Kow
o ) —

Site "A Yes < BEIO”ES‘? - Yes Alkylphanols [1.5-8.0)

Contains Phenol - known Active ——®|  Alkoxy phenols [2.3-43) RBA > 0.00001%
. ragment Sub-class Parabens [19-54)
Salicylates [2.5-5.1) Strength of
Yes RBA = 0.00001% .

‘LND .L[ ’ ] attenuation factors ———

Exact match to Mixed Phenols | REA < 0.000015% | Weak
Mixed Phenols p{ Training Set 3tructure and A —
measurad RBA
Unknown
Binding Potential
Loz Kow Range Strong
4-Alkylanilines [1.4-51)
. 4-Alkoxy Anilines [2.6-2.7)
- | RBA<0.00001%

Yes Belongsto Yes | phthaiates {2.5-5.8)
< Contains "specified” —~— known Active —®| Phenones-[branched) [2.7-4.8) RBA > 0.00001%
. Fragment Sub-class 4-Alkyl cyclohexanols  [2.4-3.8)

4-Alkyl cyclohexznones [2.4-3.8)"
2-;4-;or 2,4, 6-Benzoates

l No No [substitution-dependent Log Kows)
RBA = 0.000013
|

[ Belongto untested class | Exact match to Mixed Organics | REA < 0.000015%
Mixed Organics Ll TrainingSet Structure and

- * - measurzd RBA Mo Unknown
[ Unknown Binding Potential ]




Automation of the ER Expert System

Built through collaborative effort between EPA, OECD and LMC
http://www.gsartoolbox.org/



http://www.qsartoolbox.org/

Automation of the ER Expert System

= Decision Tree
Yes/No decision-based dendroid logic scheme
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Automation of the ER Expert System

= Single chemical profiling....



Automation of the ER Expert System

= Or batch profiling, e.g., inventory list



The path followed through yes/no questions in decision tree to the
final decision point is displayed.

CAS 65405-77-8
LogKow 4.28

cis-3-Hexenyl salicylate



HyC

LogKow = 4.06 est
CASH#

NH,

Training Set for: Aniline (RBA<0.00001%), and 4,n-alkylanilines 1.3<LogKow<5.1

Training Set for related group: 4,t-alkylanilines: R
s
o AN AN
0.0001 AN
A

1E-05

1E-06
1 3 Log KOw

Notes on Interpretation: Aniline and a series of 4,n-alkylanilines were tested for rainbow trout ER affinity and gene activation. Aniline (Logkow=0.90) did
not bind while 4,n-methyl-, ethyl-, propyl-, butyl-, pentyl-, and octylaniline all bound rtER. Additionally, 4,t-butylaniline also bound rtER. All 8 alkylanilines
alsoinduced VTG mRNA in trout liver slices to varying extents, with at least one concentration significantly different from controls. Alkylanilines of
LogKow 3 to 4 yielded the most potent VTG induction. Therefore, 4-alkylanilines of Logkow between 1.3 and 5.2 are predicted to bind ER, with a good
degree of confidence; 4,t-substituted alkylanilines in this Logkow range are also likely to bind.

Alkylanilines of Log Kow greater than that of p,n-octylaniline (5.12), or with ortho- or meta-alkylsubstituents are outside of the domain of the training set.



Expert System Development

2009 SAP review
*  Model Domain - ER ESv1

* Regulatory Domains

— Coverage: Food-use Inerts (Fl) and
Antimicrobials (~95% NON-Binders; ~5%
prioritized Binders)

2013 SAP review:
e Automated ER ESv1

* Expanding Domain Coverage with in
vitro testing; build effects-based
chemical categories:

— Non Food-use inerts (NFI)
* Evaluate ES Coverage of EDSP Universe
=71%; (~5% prioritized Binders)
Additional Work:
* Complete ER ESv2

* Expand Domain (in vitro testing) to
cover remaining EDSP Universe; build
ER ESv3



Thank you!

Pat Schmieder

Molecular & Cellular Mechanisms Research Branch Chief
Mid-Continent Ecology Division, Duluth, MN

National Health and Environmental Effects Research Laboratory
Office of Research and Development

U. S. Environmental Protection Agency
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